In the following description this device will be called an electrochromic glass: it is a complex formed by sheets of glass joined together along with suitable conductor ele etS.
Electrochromic glass represents an important step for wards in the use of glass, both in the field of building construction and in the car industry, as glass of this kind can modify its transparency as required, when an electric field is applied for a specified time.
2. Description of the Prior Art An example of an electrochromic device which has been on the market for years is that of the displays used in digital
watches.
An electrochronic glass capable of being used in the field of building construction, for example as a window, or in the car industry, for example as a transparent sunroof, is much larger in size than watch displays and must guarantee adequate transparency; furthermore the variation in colour, that is to say the passage from a dark state to a transparent state and vice versa, must take place not only with sufficient rapidity, but also in a uniform manner all over the surface.
One problem, which is a direct consequence of the large size of glass used for building and cars when compared to displays, is that it is very difficult to obtain uniform colour ing over the whole surface within a sufficiently short time; furthermore, in case of large surfaces this lack of uniformity is clearly visible, causing problems of a functional nature as well as being unattractive from an aesthetic point of view.
Summary of the Invention An object of the present invention is therefore to over come, the above mentioned problem, providing an electro chromic device that allows uniform colouring of the whole surface area within a sufficiently short space of time, thus allowing it to be used in large elements for the field of car manufacture and building construction.
The object of the present invention is achieved thanks to the use, in the construction of the electrochromic device, of a plurality of suitably chosen and combined elements: a suitably prepared electrolyte polymer is, in fact, used, with a conductivity sufficiently high that it prevents the colourant ion concentration being drastically depleted during the colouring phase and therefore helps to maintain uniform colouring; transparent conductor substrates with a resistivity not exceeding 20 ohms per square are used; Tungsten oxide The resistance value of said thin layers is preferably between 15 and 20 ohms per square.
If necessary, thin lines of metal, for example silver, can be used, applied for preference using screen-printing tech niques, in order to further reduce the resistance value of said conductor layers.
The transparent active electrodes 3 and 7 are formed, respectively, layer 3 by a thin layer of tungsten oxide with a thickness of between 2500 and 7000 A and layer 7 by a thin layer of vanadium oxide with a thickness of between 1000 and 3000 A, or by a thin layer of nV205/Mo03 in which n can take on any value from 0.3 to infinity.
Said active electrodes are preferably deposited using the evaporation process, in particular layer 3 is deposited on layer 2, whereas layer 7 is deposited on layer 8.
One of the two complexes thus formed, made up respec tively of substrate 1, conductor layer 2 and active electrode 3, or of substrate 9, conductor layer 8 and active electrode 7, is submerged in a suitable electrolyte solution of lithium perchlorate in order to insert the lithium into the active electrode.
A spreadable electrolyte polymer 6 is then deposited, using screen-printing methods, on the surface formed by electrode 3.
Said electrolyte polymer is obtained by dissolving lithium perchlorate in a solution of polymethylmethacrylate and propylene carbonate, the latter mixed in such a way that the ratio by weight of propylene carbonate to polymethyl methacrylate is between 2.5 and 3.5. Hot vacuum treatment then reduces the ratio by weight of propylene carbonate to polymethylmethacrylate to values of between 1.5 and 1.8.
Again with reference to FIG. 1, a reference electrode 10 is inserted between layer 3 and the electrolyte polymer 6.
Said electrode is preferably made up of a thin plate of polyethylene terephthalate 4, one surface of which is cov ered with a layer of gold 5, deposited on said plate using any one of the known methods for depositing thin layers.
The strip is for preference between 0.5 and 2 mm wide, and is inserted between the conductor layer 3 and the electrolyte 6 for a length not exceeding 20 mm; the thin layer of gold 5 is placed in contact with the electrolyte 6. 3 The total thickness of said strip forming the reference electrode is for preference chosen so that it does not exceed 10% of the thickness of the electrolyte 6.
Furthermore, the distance between the long side of the strip 4 and the edge of the glass parallel to said side is for preference between 7 and 15 mm.
Said reference electrode 10 has the job of controlling that the potential of the active electrode 3 does not exceed working limits, which are for preference between -1.2 volts and +1.2 volts.
When, within the above indicated limits of voltage range, an electric supply is used feeding a constant current, the colouring of the surface is formed in a uniform manner and in a reduced period of time.
The electrochromic cell manufactured according to the preceding description is then completely sealed along all its edges, in order to: a) prevent the entry of humidity from outside, b) prevent evaporation of the electrolyte solvent. For this reason a sealing agent of the acrylic-based type is used, which is rapidly polymerized by UV light. For pref erence, the acrylic sealing agents found on the market under the brand name Loctite are used.
A second band of polysulphide or polyurethane or silicon is then applied over the first sealing band around the edge of the cell, with the aim of further improving external protec tion against humidity.
EXAMPLE 1
An electrochromic glass is produced using two sheets of float glass (flat or curved) as external walls; the internal surfaces of said sheets of glass are coated with a suitable thickness of tin oxide, with a resistivity of 18 Square ohms. A thin layer 3 of tungsten oxide (WO3) with a thickness of 3500 A is then deposited by evaporation on the coated surface of one of the two sheets of glass.
A thin layer 7 of nV205/Mo03 with a thickness of 1700 A, in which the ratio of vanadium oxide to molybdenum oxide is 0.5 is then deposited by evaporation on the coated surface of the second sheet of glass. Lithium (50 millicoulombs per square cm) is incorporated into the layer 7 preferably by electrochemical method.
An electrolyte polymer is prepared, made up of lithium perchlorate dissolved in a solution of polymethylmethacry late (PMMA) and propylene carbonate (PC), with the addi tion of a suitable amount of modifier, in which the ratio by weight of PC/PMMA is 3, which is subsequently reduced to 1.68 by means of a hot vacuum degassing operation; said electrolyte polymer 6 is then deposited using a screen printing method on the surface formed by the electrolyte 3.
A reference electrode 10, made up of a layer 700 A thick of gold evaporated onto a strip 46 micron thick of poly ethylene terephthalate, is inserted for a length not exceeding The strip 4 is arranged in such a way that the side coated with gold is in contact with the electrolyte polymer 6, furthermore the distance between the longest side and the edge of the glass parallel to said longest side is 10 mm.
Said reference electrode 10 measures the variation in electrochemical potential of the W03 as a function of the surface concentration of lithium. The variation of the poten tial is preferably contained between -1.2 volts and +1.2 volts.
After being joined together, the edge of the cell is sealed using a band of Loctite irradiated with 100 watt mercury lamps while the cell is moved at a speed of 0.36 mm/s.
A second band of polyurethane is then applied on the first one in order to guarantee a total barrier against vapor.
A constant current applied to the electrochromic glass manufactured as above generates a uniform colouring of the surface within a period of time not exceeding 1 minute.
I claim:
1. A transparent electrochromic glazing capable of vary ing its light transmission values throughout its surface area in response to the application of an electric field, said glazing consisting essentially of a first substrate of trans parent glass material, a conductor layer applied on one surface of said substrate, a first transparent electrode applied in contact with said conductor layer, a transparent electrolyte in contact with said electrode, a second transparent electrode in contact with said electrolyte, a second conductor layer in contact with said second electrode and a second substrate of transparent sheet material on which said second conductor layer is applied, wherein said transparent electrolyte a poly mer spreadable in contact with said first electrode, formed of lithium perchlorate dissolved in a solution of a propylene carbonate and polymethylmethacrylate in which the ratio by weight of propylene carbonate to polymethylmethacrylate is 1.5 to 1.8, comprising a reference electrode positioned between said first transparent electrode and said electrolyte polymer, said reference electrode comprising an insulating strip of polyethylene terephthalate in contact with said first transparent electrode having a width of 0.5 to 2 mm, a thickness lower than 10% of the thickness of said polymer electrolyte and a length in contact with said polymer elec trolyte lower than 20 mm, and a conductive layer of gold in contact with said polymer electrolyte, having a thickness of substantially 700 Angstroms coated on said strip.
2. The device according to claim 1, in which by said application of an electric field a current is produced, which is a constant electric current and which causes said glazing to exhibit a uniform coloring in less than one minute.
3. The glazing according to claim 1 in the form of an automotive sunroof.
4. The glazing according to claim 1 in the form of a window for a building. ck k k :: *k,
